Kung-Fu and Tai Chi along with other martial arts are gaining popularity but studies examining the benefits of martial arts on physical fitness, vascular health, nutrition, and psychological wellness are limited. Aging is associated with declines in these health components. The objectives of this study were to examine whether Tai Chi and Kung-Fu training would maintain physical fitness, vascular health, and psychological wellness components on older versus younger practitioners. Seventeen subjects were recruited and divided into Young (age <40 years, n=9) and Old (age 40 years and above, n=8). Participants reported twice for health screens, vascular and nutrition assessment, and fitness tests. Mean differences were compared between groups for all tests using Student's t-tests. Age, months of practice, systolic blood pressure, and cardiovascular augmentation index were significantly greater in Old versus Young (p=0.001, p=0.007, p=0.049, and p=0.011, respectively). Psychologically, old practitioners experienced greater sleep interference (p=0.035) and overall pain (p=0.036). No other differences existed for any variable. Our study indicates that the practice of Tai Chi and Kung-Fu maintains physical fitness in older compared to younger practitioners. However, age associated changes in cardiovascular stiffness, systolic blood pressure, and pain were not prevented.
Introduction
The Chinese martial arts of Tai Chi and Kung-Fu have existed for centuries and are generally accepted as being beneficial for health with little empirical data to support these claims. [1] Kung-Fu was created in the Shaolin Temple in Henan, China by a Buddhist monk around A.D. 520. Over many centuries the many movements were refined and expanded and became advantageous not only for fitness but self-defense as well. [1] Limited comprehensive martial arts studies are available, and there are even fewer studies which have specifically examined the physiological and psychological changes that accompany the practice of Kung-Fu. [1] [2] [3] [4] Bu et al. [3] systematically summarized the literature for the effects of martial arts on health and fitness and attempted to provide a basis for future research on martial arts as an exercise prescription with exercise therapy. Eight databases were searched for the terms 'martial arts', 'health', and 'random' with a final n of 5432. Randomized controlled trials and clinical trials, which examined the health effects of martial arts were included in the study. The final review included 28 papers with one in general martial arts, one in Kung-Fu, sixteen in Tai Chi, six in judo, three were in Karate, and one in taekwondo. Tai Chi was the most studied with only one study in Kung-Fu. Research topics varied and included health, injuries, competition, morals and psychology, and herbal medicine. Most studies found positive effects on health, such as increased cognition, muscle strength, flexibility, and balance. Research on judo, karate, and taekwondo mainly focused on improvements to athletes' competitive abilities, rather than on health effects.
Since martial arts are widely practiced, the effects on health, changes in muscle physiology, and neurology should be further studied in order to particularly guide older individuals in selecting the best discipline to accomplish increases in health. This can be accomplished by examining the disciplines according to effects on different body systems. Martial arts as an exercise prescription can then move from an experience-based to an evidence-based treatment. This suggests that martial arts might then be used as a component of exercise prescription, once a move from an experience-based to an evidence-based treatment can be established. [3] Given that most studies evaluating martial arts have found positive effects on health, such as increased cognition, muscle strength, flexibility, and balance [5] [6] [7] , there could be positive effects on the health of middle-aged and elderly individuals. This is a major concern, given the growing aging population and the rising costs of health care. [8] Aging is also associated with a loss of muscular strength, flexibility, and coordination. Multiple exercise regimes have been employed to investigate the associated problems of aging. Tai Chi uses slow smooth movements to train the body in balance, endurance, and strength. For this reason, it is known as a soft martial art in that it is non-impact oriented. There are limited studies with the elderly using other martial arts such as Kung-Fu. Although not specifically examining Kung-Fu, Brudnak et al. [9] examined the appropriateness and effects of the Korean martial art known as Tae Kwon-Do on health and fitness parameters in an elderly population. Participants that attended >85% of classes experienced an increase in the average number of push-ups, trunk flexion, and balance time on each foot.
Given that Tai Chi and Kung-Fu involve moderate-to-highintensity forms of exercise, these arts may confer benefits similar to those attributed to other aerobic training modalities. [10] [11] [12] The current evidence examining the practice of Kung-Fu and Tai Chi with physical strength, cardiovascular, neurocognitive, and psychosocial outcomes in older people is lacking. Although this is an emerging and growing area of research, there are limited studies available, which have demonstrated improvements in health functioning, physical and emotional health, and cardiovascular functioning in older adults. Results overall are inconsistent and health improvements are not always evident. [13] Therefore, more studies using advanced techniques, such as augmentation index (AIx) and comprehensive physical testing are warranted.
The use of AIx represents an extremely sensitive and noninvasive measure and indicator of vascular elasticity. [14] [15] [16] [17] AIx is determined by the change in pressure between the first and second peaks divided by the pulse pressure (AIx = ΔP/PP). The first peak is obtained when blood ejects from the aorta. The second pressure peak occurs when blood reflects at the aortic bifurcation. The pulse pressure is the overall peak pressure. However, to our knowledge this measure has not been used to evaluate changes in response to Tai Chi and Kung-Fu training. However, Douris et al. [18] found pulse wave velocity and flexibility to be significantly improved in middle aged artists who practicing a Korean martial art versus sedentary controls. Tai Chi and Kung-Fu also involve meditative practices which may lower blood pressure and increase vascular and psychological health, but this has not been assessed in conjunction with AIx. [7] Lu and Kuo et al. [8] found that Tai Chi practice enhanced vagal modulation and lowered sympathetic modulation resulting in lowered arterial blood pressures.
Given the potential benefits of practicing Kung-Fu and Tai Chi in older individuals, the purpose of this study was to determine and compare the overall vascular, physiological, psychological, and nutritional status of young (<40 years) versus old (>40 years) practitioners of Tai Chi and Kung-Fu. [19] We improved and expanded upon previous martial arts studies by including sensitive measures of cardiovascular health such as the measurement of AIx. We hypothesized that the increased time of practice in older participants would minimize differences between young and old in physical, cardiovascular, nutritional, and psychological measures.
Materials and methods
This study was approved by the Institutional Review Board of Appalachian State University (study number 13-0046), and informed consent was obtained from all subjects prior to testing. Seventeen participants aged 18-56 were recruited from the local Kung-Fu school. The school teaches Kung-Fu but due to the large spiritual component and nature, a large amount of Tai Chi is also included in the training. Inclusion criteria were that the participants had practiced Kung-Fu and Tai Chi for a minimum of 1 year and successfully passed the medical screening for participation. Exclusion criteria were a practice time of less than one year and failure of any part of the medical screen that would prohibit the participant from being able to fully and safely execute the physical testing. Participants were divided into young (n = 9, <40 years) and old (n = 8, >40 years) groups. Interestingly, 100% of the participants identified ethnicity as 'Not Hispanic or Latino' and race as 'White'. Forty percent indicated some family history with cardiovascular disease.
A typical training session involved warm-up by five minutes of running followed by 100 jumping jacks, 50 pushups, comprehensive stretching, and 30 situps. The class then participated in group kicking and punching exercises with additional Tai Chi meditative exercises. The class then separated by rank to practice various animal forms, stick and staff training, and attack and defense techniques. Classes generally lasted for 1 h twice per week.
Participants were asked to report to the laboratory on two separate occasions to investigate multiple dependent variables which were chosen to give the most complete analysis of overall nutrition habits, body composition, strength, aerobic and anaerobic capacities, psychological, and vascular health. During Visit 1, informed consent, Health Medical History screen, and the American College of Sports Medicine (ACSM) health screening questionnaire were administered. Participants received instructions on recording and keeping a 3-day diet record. Diet records were analyzed using ESHA Food Processor (Salem, OR Version 11) for energy, macronutrient, and specific micronutrients. Participants also underwent a vascular assessment for arterial pulse wave velocity and aortic blood pressure waveforms (PWV, ABPWs respectively), which was used to determine the AIx and a VO 2 max test to determine aerobic fitness. Participants returned for Visit 2 1week later for tests of arm and leg muscle strength, anaerobic power, flexibility, and vertical jump.
Visit 1 tests

Vascular assessment
Arterial PWV and ABPW were measured using the Sphygmacor Cardiovascular Management System and used to determine the AIx. All measurements were conducted in accordance with guidelines set forth by the Clinical Application of Arterial Stiffness, Task Force III. The applanation tonometer (Sphygmacor, Sydney, Australia) was used to derive the ascending ABPW and a range of central arterial indices. The Sphygmacor is used with a tonometer over a radial artery calibrated with a standard cuff blood pressure measurement.
The PWV (measure of arterial distensibility) module of the Sphygmacor was used to obtain indices of arterial stiffness. The Sphygmacor system obtained the pulse wave: (1) between the left common carotid artery and the left femoral artery, (2) between the left femoral and the ipsilateral dorsalis pedis pulse, and (3) between the left common carotid artery and the left radial artery. Distance from the carotid sampling site to the mid-point of the manubrium sterni, manubrium sternum to femoral artery, and femoral artery to dorsalis pedis was then measured between these points as straight lines with a measuring tape. The distance from the carotid artery to the manubrium sterni was subtracted from the manubrium to femoral artery distance PWV and determined from the foot-to-foot flow wave velocity. The foot of the pressure wave was identified visually as the point of systolic upstroke. The time delay between a minimum of 15 simultaneously recorded flow waves was averaged. PWV can then be calculated from the distances between measurement points and the measured time delay (Dt) between proximal and distal foot waveforms as follows: PWV = D/Dt (m/s), where D is distance in meters and Dt is the time interval in seconds. Values attained from carotid to femoral artery were taken as an index of central compliance while values attained from the carotid and radial artery along with the measurement from the femoral to dorsalis pedis were taken as an index of peripheral compliance.
AIx is determined by the change in pressure between the first and second peaks divided by the pulse pressure (AIx = ΔP/PP). The first peak is obtained when blood ejects from the aorta. The second pressure peak occurs when blood reflects at the aortic bifurcation. The pulse pressure is the overall peak pressure. All data were stored and analyzed off-line after completion of testing.
Blood pressures using the finometer beat to beat blood pressure machine
Blood pressure variability was determined by using beat-tobeat blood pressures measured using finger plethysmography (FMS, Amsterdam). Blood pressure peaks were detected via an established spectral peak detection algorithm. The sequence of the systolic peaks was then interpolated to provide a continuous data stream, and the resulting systolic peak data detrended using a robust locally weighted regression procedure. The resulting data were split in sections and each section tapered using a split cosine window. Finally, fast Fourier transform algorithms were used to convert the data into frequency spectra and smoothed across blocks of frequencies to produce a spectrum. The power of the systolic peaks was calculated by measuring the area under the peak of the power spectra. Power spectra within the 0.04-0.15 Hz range are defined as low-frequency components and are considered to be representative of sympathetic vasomotor modulation.
Height weight and body composition
Height was determined using a stadiometer and weight using a digital scale. Percent body fat was determined using the BOD POD air displacement plethysmograph (ADP). Similar in principle to underwater weighing, the BOD POD measured body mass (weight) and volume by having the subject sit inside the BOD POD for 250-s increments of air measurement. Body density was then calculated. Participants were instructed not to workout 2-h prior or eat or drink 1-h prior to testing. No jewelry or eye glasses were allowed and hair was covered by a swim cap. Minimal compression type clothing, such as spandex, lycra, or under armor was worn by the subjects.
Aerobic test
Participants performed a maximal, progressive running test to exhaustion on a motor driven treadmill. Following a standardized warm-up, the test began at a speed of 2.5 mph and an elevation of 0.0%. Treadmill speed was increased by 1 mph every 2 min until a comfortable pace was established. This speed was maintained for the remainder of the test while treadmill grade was increased by 2.5% every 2 min until volitional exhaustion. Expired air was collected throughout the test and analyzed using a Parvomedics TrueOne metabolic cart (Parvomedics, Sandy, UT) calibrated to manufacturer's specification. Heart rate was measured during the final 30 s of each stage using a Polar Heart Rate Monitor (Polar Electro Inc., Woodbury, NY). Criteria for a maximal effort included a maximal heart rate similar to age-predicted max (220age), a plateau in oxygen consumption with an increase in work rate, and an RER value of >1.15. [20] 
Visit 2 tests
Vertical jump test
The vertical jump test evaluated leg muscle power. Initial reach was recorded by having participant stand erect with feet flat on floor. The participant then warmed-up by rehearsing submaximal jumps and stretching until the participant felt ready. Then, the participant reached as high as possible on the taper with the fingers fully extended. This was the beginning height. The participant then brought their arms down and backwards while bending the knees and then jumped as high as possible with arms upward and touched the highest metal phlange. Three trials were performed. The beginning height was subtracted from the highest jump. The following equation was used to calculate leg power (kg·m/s): = 2.21 × weight (kg) × √vertical jump (m). [20] Muscle strength tests
1-RM bench press
The bench press 1-RM was used to test the strength of the muscles involved in arm extension (triceps, pectoralis major, anterior deltoid). The subject was allowed to become familiar with and warmup for the test by lifting some light weights and stretching. The subject lay on their back gripping the bar approximately shoulder width apart. The bar was lowered until touching the chest and then extended until the arms were straight up and locked again. A spotter was used for safety. The participant was allowed as many trials as necessary to achieve a true max. One to three minutes was allowed between efforts. The best lifting score was divided by the person's weight to obtain a ratio. [20] 
1-RM leg press
To determine leg strength, each subject's one repetition maximal strength in the squat was determined. Again, subjects were allowed to stretch and then began a warm-up protocol involving two sets of 8-10 repetitions at 30%, 4-6 repetitions at 50%, 2-4 repetitions at 70%, and 1 repetition at 90% of an estimated 1-RM or 1.5-2.5 times their bodyweight, depending on training status. The load prescription was subject to the research assistant's discretion as well as the load to be used for each set. Subjects were allowed up to 3-4 attempts at increasing weights to obtain their 1-RM. Subjects began the squat by standing with their feet shoulders width apart and the barbell positioned on their upper back. Subjects squatted down to 80°as determined by the researcher, and then returned to a standing position. The knee angle was measured prior to attempts and adjustable stoppers were set at this point. [20] Grip strength test
The grip strength test was used to measure the static strength of both hands. A hand dynamometer was used to measure both left and right hands. The subject assumed a slightly bent forward position with the hand to be tested out in front. The hand and arm should be hanging free and not touching anything. The test involved a maximum gripping effort for 2-3 s. No swinging or pumping of the arm is allowed. The purpose of the test is to measure the static strength of the grip squeezing muscles. The score was the sum of the best left and right hand score from 2-4 trials. [20] Anaerobic power test The 30-s, upper-body Wingate test was performed on a Monark model 874 E cycle ergometer (Monark, Vansbro, Sweden) modified for hand-crank exercise. The participant was positioned so that the center of the ergometer bottom bracket was at the level of the mid-sternum and an approximate 15°bend in the elbow occurred when the cranking handle was at the furthest position from the participant in the cranking cycle. The test was preceded by a 5-min warm-up during which the participant cranked at 60 W and 60 rpm. The warm-up was followed by a 2-min passive rest period. To begin the test, the participant reached a cadence of 60 rpm against no load. Once 60 rpm was reached, a testing load of 7.5% of the participant's body mass was applied and the participant began cranking as fast as possible for the duration of the test. Power output was measured each second using SMI Wingate software (SMI Industries, St. Cloud, MN) and were used to determine corrected peak power in Watts·kg·bm −1 and time to peak power. [20] Only one trial was performed for this test.
Flexibility
To determine flexibility, the sit and reach test was used. The purpose of this test was to evaluate the flexibility of the lower back and posterior leg muscles. The individual warmed-up using static stretching and then removed their shoes. The feet were fully extended and flat against the flexibility box. The arms were extended straight forward with the hands on top of each other with fingertips even. The person reached directly forward with palms down maximally for four times and held the position. The score was the most distant point reached on the fourth trial determined to the nearest centimeter. [20] Statistical analysis was conducted using the Instat statistical analysis software (GraphPad Software, Inc. La Jolla, CA, USA). Group means within each group were compared for all tests using Student's t-tests. Statistical significance was set at P ≤ 0.05, and all values were reported as means ± standard deviation (SD). The Kolmogorov and Smirnov method was utilized to test whether the data followed normal Gaussian distributions. The observed statistical power to detect a difference in the significantly different variables of age, AIx, months of training, and systolic blood pressure was 1.000, 0.985, 0.990, and 0.990, respectively. Sleep interference pain and overall pain statistical power was 0.990 and 0.200, respectively.
Results
Significant differences existed between groups for age and months of practice (Table 1) . Participants in the old group were significantly older (p = 0.001) and had more months of practice time (p = 0.017) compared to the young group. The old group also exhibited a significantly higher systolic blood pressure and AIx compared to young (p = 0.049 and p = 0.001, respectively) ( Table 1 ). However, it was surprising that no differences existed between groups for any physical performance or dietary measure (Tables 2 and 3, respectively). Psychological and physical well-being tests indicated old practitioners exhibited significantly greater sleep interference compared to young (p = 0.047) ( Table 4 ). Outside of Kung-Fu/Tai Chi training, no significant differences existed for responses to Health History questions regarding self-ratings of physical fitness, daily engagement of exercise that increased breathing and heart rate for at least 20 min, or hard physical work required on jobs (data not shown). Positive Pearson product correlations existed for age versus rank (r = 0.542, p = 0.024, N = 17) and age versus systolic blood pressure (r = 0.713, p = 0.001, N = 17).
Discussion
We had hypothesized that increased months of practice in Kung Fu/Tai Chi would minimize differences between young and old in physical, cardiovascular, nutritional, and psychological measures. Specifically, we hypothesized that the increased months of practice would decrease body fat, increase body strength, and increase power and flexibility, thereby compensating for the effects of aging. Aging is associated with progressive failure of molecular mechanisms that create disorder within various systems. Accumulation of molecular disorders over time cause progressive changes in the structure and function of various systems such as the heart and arteries. Many effects of aging on the physical health and the cardiovascular system can be delayed or attenuated by changes in lifestyle, diet, and exercise. [21] The practice of Kung Fu/Tai Chi represents a form of exercise that encompasses multiple aspects of conditioning. As such, the practice of Kung-Fu/Tai Chi might prevent many of the negative aspects of aging. We also hypothesized that due to advanced meditative practices, increased time of practice would allow older participants to exhibit a lower AIx, or at least a comparable AIx compared to younger, but this was not the case. Our older participants exhibited a higher AIx typically associated with aging. [22] In support of our findings, Fong et al. [23] concluded that martial arts training may have some benefits in body composition (fat loss), balance, and flexibility. Toskovic et al. [24] found that Tae Kwon Do black belts were more athletically fit as compared with that of novice Tae Kwon Do practitioners of the same sex despite the fact that male and female black belts were older than their novice counterparts. Comparison across groups indicated that experienced Tae Kwon Do subjects were stronger than novice subjects, as measured by lower body strength, and showed better aerobic performance capacity as well as lower percent body fat. Additionally, black belts demonstrated higher flexibility. This supports our study observation that older participants did not differ in most measurements when compared to younger participants.
Sbriccoli et al. [25] support the notion of improved neuromuscular function with time of training in elite karate practitioners as indicated by higher isokinetic knee flexion torque when compared to amateurs. Furthermore, elite practitioners demonstrated a typical neuromuscular activation strategy that was task and skill level dependent. Knee flexion torque and average muscle fiber conduction velocity results suggested the presence of an improved ability of elite practitioners to recruit fast motor units as a part of training induced neuromuscular adaptation. Our findings and some current literature suggest that, unless the martial artist is engaged in competition, there are typically no differences in most physical performance measures between advanced and beginner students. [23, 26] Heller et al. [27] collected baseline physiological and kinanthropometric data for 11 male and 12 female elite Tae Kwon Do athletes for evaluation of anthropometry, aerobic and anaerobic capacities, strength, visual reaction time, pulmonary function, flexibility and explosive power of the lower limbs (vertical jump). Both male and female black belts demonstrated low adiposity, above average muscular strength and aerobic power, and high flexibility and anaerobic performance.
Of particular interest is our observation of no significant differences in upper and lower body strength between the old versus young practitioners. This indicates that Kung-Fu and Tai Chi practice maintain strength. This likely translates into a reduced fall risk and the preservation and enhancement of strength and balance has been observed in other martial arts studies. [9, [28] [29] [30] [31] Falls are known to be a leading cause of death in the elderly which is commonly associated with a loss of muscular strength, flexibility, and coordination. [9] Regarding diet, Artioli et al. [2] found that elite male Olympic Kung-Fu practitioners consumed a high-fat, low-carbohydrate diet, whereas women consumed a moderate to high-carbohydrate diet. Our subjects consumed a typical diet of macronutrients, with the exception that fat intake was slightly above recommendations. [32] Bu et al. [3] suggested that since martial arts are widely practiced, the effects on physiology and morphology should be further studied in order to help people to select the best discipline or style to accomplish their purposes. Douris et al. [33] have observed increased aerobic capacity, balance, flexibility, muscle endurance, and strength, and less body fat in martial artists compared to sedentary controls matched for age and sex. These findings support our observations of preservation of Values are means ± SD. Young (n = 9), old (n = 8). kcalkilocalories, ggrams, mgmilligrams, IU -International Units.
physiological and physical attributes by Kung-Fu practice despite being older. An important element of future studies would be categorizing and classifying the disciplines and styles according to effects on different physiological outcomes such as AIx. Martial arts might eventually be considered as an exercise prescription.
Conclusion/Summary
Our study indicates that the practice of Kung-Fu/Tai Chi martial arts maintains levels of body composition, aerobic capacity, anaerobic power, flexibility, and upper and lower body strength similar to those of younger practitioners. However, Kung-Fu/Tai Chi practice does not prevent changes in cardiovascular stiffness and pain index, as indicated by a higher augmentation index and pain ratings in older participants. Based upon our assessments, we conclude that martial arts training, specifically Kung-Fu/Tai Chi can be considered an excellent form of exercise for the promotion of fitness in adults. Health professionals should be aware that there are alternative methods to traditional exercise that can increase the physical fitness and health of young and middle aged populations. Martial arts can also be practiced virtually anywhere and anytime without the need for expensive equipment or large spaces. In conclusion, not only does the practice of Kung-Fu and Tai Chi provide a practical aspect of self-defense, but based upon our findings also maintains aerobic, anaerobic, strength, and flexibility components as one ages. However, this art does not appear to protect against adverse cardiovascular changes as determined by AIx and systolic blood pressure.
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